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Recording
Participants. Twenty-two amateur or professional Francophone actors participated in the recording sessions after giving written informed consent. They received a compensation of C$20/h of recording.
Procedure. The actors were instructed to produce short emotional interjections, using the French vowel ah (/ɑ/, similar to the English a in apple), and were played an auditory demonstration of the expressions that they would be asked to generate before the recording session. They had to produce vocal expressions corresponding to happiness, sadness, fear, anger, pleasure, pain, surprise, and disgust, as well as a neutral expression. Each category of vocalizations was performed several times until our qualitative criterion was reached-that is, until the affective vocalization produced was clearly recognizable by the experimenter as the one they were asked to produce. A short practice session was performed at the beginning of each recording bout for each emotion, during which the sound level was adjusted. Constant feedback was given to the participants during the entire session so they could improve their performance.
Vocalizations were recorded in the sound-proof room of the Vocal Neurocognition Laboratory (University of Montreal), using a UMT800 condenser microphone (Microtech Gefell) at a distance of approximately 30 cm. Recordings were preamplified using a Millennia Media HV-3B preamplifier and were digitized at a 96-kHz sampling rate and 16-bit resolution, using an Audiophile 2496 PCI soundcard (M-Audio). They were then edited in short, meaningful segments and normalized peak value (90% of maximum amplitude) and were downsampled at 44.1 kHz, using Adobe Audition (Adobe Systems, Inc.). For each actor and vocalization category, only the best occurrence, rated as successful display by the experimenter, was kept for the validation stage.
Validation
Participants. Thirty Francophone participants (15 of them male, 15 female) were recruited (average age, 23.33 years) through notices posted at the University of Montreal. Each participant gave written informed consent and filled out a sociodemographic information sheet prior to the judgment phase. They were compensated C$10/h for their participation. Data from 1 participant were excluded from the analysis because of technical problems.
Procedure. Each participant was instructed to evaluate each of the 198 vocalizations (22 actors  9 categories) on 10 different rating scales: perceived valence of the actor's emotion (from extremely negative to extremely positive), perceived actor's arousal (from not at all aroused to extremely aroused), and perceived intensity of the actor's emotion, rated on each of the eight rating scales corresponding to the eight targeted affective states: happiness, sadness, fear, anger, surprise, disgust, pleasure, and pain (e.g., from not at all angry to extremely angry). For each sound they had to judge, the participants were played the sound, and a judgment board was displayed on a computer screen, consisting of a small speaker icon at the top of the screen and 10 horizontal visual analogue scales. Each scale consisted of an identical unmarked horizontal line with verbal labels at the left and right extremities (e.g., for the arousal scale: not at all aroused on the left; extremely aroused on the right). The participants could hear at will the sound they were to judge by clicking on the speaker icon. Each of the 10 ratings was performed by clicking, with the computer mouse, on the point of the scale corresponding to the intended judgment. When all 10 judgments had been made, the next sound was played. Ratings along the visual analogue scales were linearly converted to an integer number ranging from 0 to 100.
The stimuli were presented in a pseudorandomized order, in order to control for fatigue and order effects, in four blocks (two blocks of 50 stimuli and two blocks of 49 stimuli) at a self-adjusted comfortable level over DT770 Beyerdynamic headphones. During the session, the participants could take breaks at will between blocks. in auditory affective processing (but see Scherer, Banse, & Wallbott, 2001) .
In contrast, research on affective processing in the visual modality is not subject to the same problems, since studies often use nonverbal visual stimuli, such as the International Affective Picture System (Lang, Öhman, & Vaitl, 1988) , or sets of affective faces (e.g., Dailey, Cottrell, & Reilly, 2001; Ekman & Friesen, 1978; Ekman, Friesen, & Hager, 2002) . The so-called Ekman faces consist of a standardized, validated set of photographs of the face of several actors portraying six "basic," or "modal" (Scherer et al., 1984) , emotions (anger, disgust, fear, happiness, sadness, and surprise) plus a neutral expression (Ekman & Friesen, 1978) , and they do not convey any linguistic information. The Ekman faces were introduced nearly 3 decades ago; they consist of grayscale, static stimuli that are relatively unecological, as compared with the colored, dynamic visual stimuli of the real world. Moreover, they sample a somewhat restricted set of emotions, based on a categorical account of the facial expression of emotions that is still largely debated (Lang, 1995; Russell, Bachorowski, & Fernández-Dols, 2003; Schlosberg, 1954) . Nevertheless, the Ekman faces are still widely used in cognitive neuroscience research (e.g., Calder, Burton, Miller, Young, & Akamatsu, 2001; Krolak-Salmon, Fischer, Vighetto, & Mauguière, 2001; Morris et al., 1996; Vuilleumier, Armony, Driver, & Dolan, 2001; Young et al., 1997) . Two important advantages may contribute to the popularity of the Ekman faces as research materials. They are nonlinguistic and, thus, can be used in several different countries, potentially allowing cross-cultural comparisons. And several different actors portray the same emotions, allowing use of several different stimuli for each discrete emotion and avoiding the potential confound of actor identity.
The goal of the present contribution is to make available to the research community a validated set of auditory stimuli designed as an auditory counterpart of the Ekman faces. The Montreal Affective Voices (MAV) consist of 90 short, nonverbal affect bursts corresponding to portrayed expressions of anger, disgust, fear, pain, sadness, surprise, happiness, and sensual pleasure (plus a neutral expression) recorded by 10 different actors. Emotional categories of pain and sensual pleasure were added to the six basic emotions of the Ekman faces because they are especially relevant on an evolutionary or welfare level. The variability in segmental structure was minimized by asking the actors to produce these vocalizations on the vowel /ɑ/ (as in apple). This set of vocalizations was validated on the basis of ratings of valence, arousal, and perceived intensity along the eight discrete emotions provided by a group of 30 decoders (participants).
We hypothesized that these affect bursts would convey the intended emotional meaning when presented in isolation and only auditorily, as indicated by high recognition accuracy (Schröder, 2003) . Moreover, we tested whether the gender effects observed at the level of both affective production and perception in the context of speech prosody would also be observed with the MAV.
to investigate the effects of the actor's gender and the participant's gender on ratings of intensity (on the scale corresponding to each portrayed emotion, except the neutral, which had no corresponding scale), valence, and arousal averaged across emotion categories. Actor's gender was found to have a significant effect on all three ratings [intensity, F(1,27) 5 22.0, p , .001; valence, F(1,27) 5 8.4, p , .01; arousal, F(1,27) 5 88.9, p , .001], with greater intensity and arousal and smaller valence ratings for affect bursts produced by female actors. Participant's gender had a significant effect only for intensity ratings [intensity,
, with overall higher intensity ratings for male participants. Participant's gender  actor's gender interactions were not significant for any rating (all Fs , 1.1, p . .3). Table 2 shows the intensity, valence, and arousal ratings averaged across participants and split by actor's gender, for each emotion category.
The next analyses consisted of comparing intensity ratings across the different rating scales and emotion categories. Table 3 shows that the maximum average rating for each emotion was always obtained on the corresponding rating scale (diagonal cells in bold). We first asked, for each portrayed emotion (except the neutral), whether there would be a rating scale with ratings higher than those on the other scales; this was the case for all the categories of affect bursts except the happy and pleased vocalizations (Fisher's protected LSD; Table 3, columns). We then asked, for each rating scale, whether there would be one
Selection
The 5 male and 5 female actors who produced the most successful displays, based on judgments from the 29 remaining participants, were selected out of the 22 actors. Vocalizations from those 10 actors were then included in further acoustical and statistical analyses.
Acoustical Analyses
Acoustic characteristics of the vocalizations were measured using Straight (Kawahara, Katayose, de Cheveigne, & Patterson, 1999) and Praat (www.praat.org). They included the minimum, maximum, median, and standard deviation of the fundamental frequency ( f 0) measured over the voiced portions (in Hertz); the sound duration (in milliseconds); and the median and standard deviation of power (in decibels). These characteristics, averaged across the 10 actors, are given in Table 1 for each vocalization category. The complete set of acoustic measures can be found in the Appendix. Figure 1 shows waveforms and spectrograms of the 90 vocalizations.
ReSulTS And diScuSSion
The Montreal Affective Voices (MAV) consist of 90 nonverbal affect bursts corresponding to emotions of anger, disgust, fear, pain, sadness, surprise, happiness, and pleasure (plus a neutral expression), recorded by 10 different actors (5 of them male and 5 female). The set is available for download at the vnl.psy.gla.ac.uk/ (Resource section).
Affective Ratings
Interparticipant reliability in ratings was very high (Cronbach's α 5 .978), so the ratings were averaged across all 29 participants. A first analysis used mixed ANOVAs Note-Ratings (visual analogue scales converted to 0-100) are averaged across judges and split by actor's gender. The strongest pattern of confusion was observed between the happy and the pleased vocalizations: Both vocalization categories yielded high, statistically indistinguishable ratings on the happiness and pleasure scales. Yet the two types of vocalizations were characterized by markedly different acoustical structures, with the syllabic pattern characteristic of laughter completely absent from pleasure vocalizations. Thus, this difficulty in separating happy from pleased vocalizations probably arose from the use of the rating scales, indicating that the participants probably did not have clearly separated concepts associated with the labels pleased and happy. This, in turn, may be taken as evidence that these two categories of vocalizations do not really correspond to two different basic emocategory of affective vocalizations yielding higher ratings than did the other vocalizations: This was the case for all the rating scales except the surprise and pleasure scales (Fisher's protected LSD; Table 3 rows).
Sensitivity and Specificity
We then examined the intensity ratings for their sensitivity (hit rate, by emotion) and specificity (correct rejection rate, by rating scale). In order to evaluate recognition accuracy, the intensity ratings along the eight scales were considered as an eight-alternative forced choice classification: For each vocalization, a maximum intensity rating in the scale corresponding to the portrayed emotion was considered as a hit; otherwise, as a miss. The bottom row of Table 3 shows averaged hit rates for each emotion category, ranging from 51% for painful vocalizations to 81% for disgusted vocalizations. Similarly, for each rating scale, a maximum score for the corresponding vocalization in a given actor/participant was considered as a correct rejection; otherwise, as a false alarm. The rightmost column of Table 3 shows correct rejection rates for each rating scale, ranging from 39% for pleasure to 89% for sadness.
Finally, we examined the effects of participant's and actor's gender on hit rates (Figure 2) . A mixed ANOVA showed significant effects of both actor's gender [F(1,27) 
Recognition Accuracy
The recognition accuracy (sensitivity) for the 8 emotions expressed through affect bursts was quite high (mean of 68.2% for the chance level at 12.5%), with very little ambiguity for several categories of negative affect bursts: angry (78%), disgusted (81%), or sad (86%) vocalizations. This is in line with the very high accuracies (81% mean for 10 categories) observed in another study of affect bursts recognition (Schröder, 2003) . As was noted in this study, these recognition accuracy scores are relatively higher than those observed in the context of speech prosody (e.g., 55% for 10 emotions in Banse & Scherer, 1996) , suggesting that affect bursts are a highly effective means of expressing vocal emotion. hit rates (proportion of correct recognition): The effects of both actor's gender and participant's gender were significant and additive (no interaction), both in the direction of higher hit rates for female participants or actors and with similar magnitudes. Figure 2 shows that the highest hit rates were obtained for female participants rating female vocalizations, and the lowest hit rates for male participants rating male vocalizations. That is to say, women are generally more accurate in judging affective bursts by other females (although 25% fail to), whereas men are considerably worse at judging other men (they fail 40% of the time). Interestingly, the mixed situations-that is, male participants rating female vocalizations or female participants rating male vocalizations-yielded similar, intermediate ratings (Figure 2 ). This result is in line with evidence of better accuracy in emotion recognition (Hall, 1978) and of faster recognition and enhanced cortical responses (Schirmer & Kotz, 2006) by female than by male participants, in the context of speech prosody.
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Acoustical Measures
Acoustical measures (see Table 1 and the Appendix) are characterized by a substantial degree of variation, but values averaged across actors show important but consistent differences between emotional categories. These differences are generally in good agreement with the results in the existing literature on speech prosody perception (Banse & Scherer, 1996; Juslin & Laukka, 2003; Murray & Arnott, 1993; Scherer, 1986) . For example, Table 1 shows that the neutral vocalization was associated with the lowest median pitch and very small pitch variation, whereas fearful vocalizations were associated with the highest median pitch and widest pitch range, exactly as in Murray and Arnott (1993) .
using the MAV
Using nonverbal affect bursts such as the MAV in studies of auditory emotional processing presents several advantages. First, these interjections do not contain any semantic information, so they are not subject to the problems of interaction between affective and semantic content described above for speech prosody. Second, the stimuli are not limited by linguistic barriers and so can be used to compare results in different countries and to test for cross-cultural differences. Third, they are more primitive expressions of emotion, closer to the affect expressions of animals or human babies than is emotional speech, thus potentially allowing better cross-species or human developmental comparisons. Fourth, the MAV stimuli are also much more similar to the stimuli used in the study of affective processing in the visual modality, such as the Ekman faces, than is emotional speech, thus allowing better comparisons across modalities, as well as studies of cross-modal emotional integration.
We suggest that the MAV stimuli can be used for several different purposes. They can be used to test for possible deficits in auditory affect recognition, using rating scales similar to those used in the present validation phase (perhaps without the pleasure scale, which proved to overlap too much with the happiness scale). The fact that there is tions. The very similar ratings, overall, on the pleasure and happiness rating scales and the low correct rejection rate on the pleasure scale (39%) suggest that the latter could be simply removed from the rating procedure in future uses.
A second pattern of confusion, clearly observable in Table 3 , is between fear and surprise: Fearful vocalizations yielded high ratings on both the fear and surprise scales, resulting in low hit rates (56%). Surprised vocalizations yielded a higher hit rate (75%), yet they often yielded high scores on the fear scale. Contrary to the case with the pleasure and happiness expressions, the confusion between fear and surprise is not likely to have arisen from unclear separation of fearful and surprised labels, which correspond to clearly separated emotional contexts. Rather, the two categories of vocalizations were acoustically quite similar: Table 1 shows that both the fearful and the surprised vocalizations were characterized by the shortest duration and the highest median f 0. Interestingly, however, the confusion between fear and surprise is also frequently observed when these emotions are expressed by human faces in some cultures (Ekman, Friesen, & Ellsworth, 1972) or when an ideal observer classifies affective faces (Smith, Cottrell, Gosselin, & Schyns, 2005) .
Finally, the lowest recognition accuracy was obtained for painful vocalizations (51%), which were frequently confounded with angry or surprised vocalizations. This pattern of confusion is relatively surprising, given the evolutionary importance of recognizing and avoiding painful contexts, and has not been observed in a recent study of emotion recognition based on dynamic facial expressions (Simon, Craig, Gosselin, Belin, & Rainville, 2008) . The acoustical similarity of pain vocalizations, which, like the angry or surprised vocalizations, are relatively brief and have a high median f 0 (Table 1) , probably accounts for this confusion.
Gender effects
Affective ratings were strongly influenced by the gender of the actor producing the vocalizations. Averaged across emotions, ratings of perceived arousal and intensity (on the scale corresponding to the portrayed emotion) were consistently higher, and valence ratings lower (reflecting the greatest contribution of the numerically superior negative emotion categories), for vocalizations produced by the female actors (Table 2 ). This finding is in line with the notion that in Western cultures, women are believed to be more emotionally expressive, in general, than are men. Specifically, they are expected to smile more, as well as to show more sadness, fear, and guilt. In contrast, men are believed to show more overt emotional displays only in terms of physically aggressive anger (Brody & Hall, 1993; Fischer, 1993) . Whether this effect is specific to the group of actors selected (with selection biases reflecting the choice of actors with the most successful displays) or reflects a more general gender difference in vocal emotional expression, perception, or both remains to be explored.
Participant's gender was also found to have a significant effect for intensity ratings: Male participants gave slightly higher intensity ratings than did female participants overall. But the clearest picture was given by the analysis of no verbal content in these stimuli is an advantage when it comes to testing patients with lesions that impair speech comprehension.
The MAV stimuli can also be used in cognitive psychology experiments. It is important to note that the duration of the vocalizations varies widely across the different categories: The average duration across the 10 actors varies from 385 msec for the cries of surprise, to 1,446 msec for the laughs (happiness), up to 2,229 msec for the cries (sadness). Although this important variation may raise problems in some experimental settings (e.g., reaction time studies of evoked response potential studies), it reflects the natural properties of the different classes of vocalizations and is unavoidable if one wants to preserve the ecological validity of the stimuli. Editing the cries, for example, in an attempt to make them shorter and more compatible with the duration of other sounds could potentially affect their naturalness and would probably lead to important confusions with the laughs. Thus, although the MAV stimuli do present problems for use in TR experiments (due to the duration of the vocalizations), they may be useful if used in fMRI experiments in which small differences in stimulus duration raise fewer problems than in EEG/MEG experiments. For example, a recent event-related f MRI study using a preliminary version of the MAV revealed clear bilateral activation of the amygdala, by comparison with affectively neutral vocalizations, for negatively valenced, as well as positively valenced, vocalizations (Fecteau, Belin, Joanette, & Armony, 2007 
